Neolamellarin A, a metabolite isolated from the sponge Dendrilla nigra, was found to inhibit hypoxia-inducible factor-1 (HIF-1) activation by 26% at 10 µM concentration and inhibition of HIF-1 has become a major antitumor molecular target. Herein the first synthesis of neolamellarin A is described. The synthetic strategy features the condensation of vinylogous amide with aminomalonate to construct the 3,4-bis(4-methoxyphenyl)-1H-pyrrole core and the subsequent acylation and deprotection rendered the target compound in 18% over all yield.
The prevalence of heterogeneously distributed hypoxic regions in advanced solid tumors is known to reduce cellular metabolism and cell proliferation which subsequently leads to cell death, as well as promoting tumor growth by selecting highly mutated and malignant tumor cells [1a] . The poor clinical outcome and treatment resistance in tumor hypoxia makes it difficult to target such a process [1a] . The transcription factor hypoxia-inducible factor-1 (HIF-1) is one of the key antitumor molecular targets [1b] and studies have demonstrated that HIF-1 inhibition coupled with radiation and chemotherapeutic agents have resulted in reduction of tumor growth and improved treatment outcome [1c-e]. Currently there is no approved drug which targets tumor hypoxia and the challenge lies in the discovery of a potent HIF-1 inhibitor with high efficacy and low toxicity [1f].
In the search for potent and small molecule HIF-1 inhibitors, the extract of the sponge Dendrilla nigra (Aplysillidate) has led to the isolation of a new lamellarin-like phenolic pyrrole, neolamellarin A (1) [2] . The effect of 1 on HIF-1 activity in a T47D cellbased reporter assay revealed that it exerts inhibition of HIF-1 activation by 26% at 10 µM concentration. Herein we wish to report the first synthesis of neolamellarin A (1) [2] .
Our synthesis started from the known methyl ester 4, which was synthesized in 56% yield by condensation Scheme 1: Synthesis of neolamellarin A (1). of vinylogous amide (2) with dimethyl aminomalonate hydrochloride (3) [3a] . Hydrolysis of the ester 4 with LiOH at room temperature generated the corresponding acid and subsequent decarboxylation with CF 3 CO 2 H at room temperature yielded pyrrole 5 in 90% yield [3b]. The acylation of 5 with acid chloride 6 was tried with triethyl amine, K 2 CO 3 and NaHMDS as bases and DMF, DMSO or THF at different reaction temperatures ranging from room temperature to 80 o C. However, the use of NaH as a base in DMF, and heating the reaction at 50 o C for 5 hours gave compound 7 in 30% yield. The
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Vol. 4 No. 7 925 -926 coupled product 7 was reacted with BBr 3 in CH 2 Cl 2 at -78 o C for 1 hour, followed by stirring the reaction mixture at room temperature for 15 minutes to produce 1 in 82% yield [2] (Scheme: 1).
Experimental 3,4-Bis(4-methoxyphenyl)-1H-pyrrole (5): Ester 4 (1.18 g, 1.76 mmol) was dissolved in a 1:2:1 mixture of 24 mL of MeOH, THF and H 2 O, followed by the addition of LiOH.H 2 O (0.23 g, 5.4 mmol) and the reaction mixture was stirred for 12 h at room temperature. The mixture was concentrated in vacuo, Water (15 mL) was added and extracted with diethyl ether (2 x 10 mL). The aqueous layer was acidified to pH 4 with 2 N HCl and re-extracted with EtOAc (2 x 15 mL) and the organic layer was washed with brine (10 mL), dried over Na 2 SO 4 and evaporated to afford acid (0.53 g, 92%) [4] . The acid (0.4 g, 1.24 mmol) was dissolved in CH 2 Cl 2 (4 mL), CF 3 CO 2 H (4 mL) was added, the mixture was stirred at room temperature for 2 h, and then evaporated under vacuum, after which 1N NaOH (10 mL) was added and the mixture extracted with EtOAc (20 mL). The organic layer was washed with brine (10 mL), dried over Na 2 SO 4 and evaporated to dryness. Column chromatography of the dark brown oily material on silica gel eluting with EtOAc: n-hexane (2:8) gave the pyrrole (5) as a yellow solid (0.31 g, 90%) [3b]. (7): A solution of 5 (72 mg, 0.26 mmol) in DMF (2 mL) was cooled to 10 o C. NaH (12 mg, 0.52 mmol) was added and after being stirred for 15 minutes, a solution of acid chloride (72 mg, 0.39 mmol) in DMF (1 mL) was added dropwise and the reaction mixture stirred at 50 o C for 5 h. The reaction was quenched with H 2 O (5 mL) and extracted with EtOAc (10 mL). The organic layer was washed with 1 N HCl (2 x 5 mL), H 2 O (5 mL), brine (5 mL), dried over Na 2 SO 4 and evaporated. Purification on a silica gel column of the crude product using EtOAc: n-hexane (2:8 →3:7) as eluent afforded 5 as an off white solid (0.05 g, 30%). MP: 114-115ºC. IR (neat) 3035, 2950 , 1696 , 1614 , 1510 , 1440 , 1387 , 1221 , 1172 . 1 H NMR (500 MHz, CDCl 3 ): δ 3.72 (2H, s, H-7), 3.88 (6H, s, 2 x OCH 3 ), 3.89 (3H, s, OCH 3 ), 6.78 (2H, d, J = 8.4 Hz, 7.01 (4H, d, J = 8.5 Hz, 7.08 (2H, d, J = 8.4 Hz, 7.52 (4H, d, J = 8.5 Hz, 7.56 (2H, s, 4 : C, 75.86; H, 5.89; N, 3.28. Found C, 75.82; H, 5.93, N, 3.24 .
1-(3,4-Bis(4-methoxyphenyl)-1H-pyrrole-1-yl)-2-(4-methoxyphenyl)ethanone
Neolamellarin A (1): A stirred solution of 8 (0.04 g, 0.094 mmol) in CH 2 Cl 2 (1 mL) at -78°C was treated with BBr 3 (0.85 mL as a 1 M solution CH 2 Cl 2 ) dropwise over a 10 min period. The solution was stirred at -78°C for 1 h and gradually warmed to 25°C and stirred for 10 minutes. The solution was diluted with EtOAc (15 mL) and washed with H 2 O (2 x 5 mL) and saturated aqueous sodium chloride (5 mL). Column chromatography of the orange oily material on silica gel eluting with EtOAc: n-hexane (35:65) afforded 1 (0.022 g, 60%) [2] .
